INTRODUCTION
The effects of globalization on low-and middle-income countries (LMICs) have led to major changes in the disease burden attributable to injuries and environmental risks. On the one hand, rapidly developing regions face a rising number of road traffic injuries (RTIs) and fatalities, as well as health effects from increasingly polluted air. On the other hand, economic development has led to greater availability of water, sanitation, and hygiene (WASH) services and a reduced burden of diarrheal and helminthic illness in many settings. These trends are heterogeneous, however, and very poor countries, and regions within populous countries such as India, exhibit slower progress.
This chapter presents an overview of trends in the burden of injuries and environmental health issues in LMICs. We focus on five major groups of conditions, presented as they appear in this volume and not in order of importance:
• Unintentional injuries, which include RTIs and those resulting from other causes • Interpersonal and collective violence • Occupational hazards • WASH-related illnesses • Health effects of air pollution.
Self-harm is not covered in detail in this chapter because it is covered in volume 4, chapter 9, of Disease Control Priorities (third edition) (Vijayakumar and others 2015) . Although the conditions presented above are seemingly very different, a common feature links them: they can all be addressed through multisectoral interventions, including legal and regulatory frameworks and public works investments. These interventions are assessed further in the subsequent chapters of this volume.
This chapter presents two types of burden estimates. For injuries, we present deaths and disability-adjusted life years (DALYs). For occupational and environmental hazards, we present attributable deaths and DALYs. The distinction between these two types of estimates is that the former are related to specific causes of death, such as RTIs, whereas the latter are related to risk factors, such as unimproved water, for specific causes of death, such as diarrheal disease. Attributable deaths and DALYs are estimated using the comparative risk assessment (CRA) methodology rather than mortality analysis. They often total greater or less than 100 percent owing to multiple risk factors (or no known risk factors) for various causes of death. Hence, estimates of the burden of environmental and occupational risk factors cannot be directly compared to estimates of the burden of injuries. This chapter presents estimates from two sources of data. Mortality and morbidity data on injuries are taken from the World Health Organization's (WHO) Global Health Estimates database, most recently updated in 2014 (WHO 2016) . Details on the methods for estimating cause-specific mortality and DALYs-including calculation of years of life lost and disability weights-are available in the relevant documentation from the WHO. Attributable mortality and morbidity data on occupational and environmental risks are taken from the Global Burden of Disease 2013 Study (GBD 2013) because similar data were not available from the WHO. Details on the methods for estimating attributable mortality and DALYs using CRA are provided in Forouzanfar and others (2015) .
We compare trends in total deaths with trends in agestandardized mortality rates. For injuries, we calculated age-standardized rates based on the global population structure in 2012 and compared mortality in 2000 to mortality in 2012. For occupational and environmental risks, we used age-standardized attributable rates from GBD 2013, which based calculations on the global population structure in 2013 and compared attributable mortality in 1990 to attributable mortality in 2013.
UNINTENTIONAL INJURIES

Road Traffic Injuries
Among unintentional injuries, RTIs remain the most common cause of deaths and DALYs. RTIs cause the single-highest number of injuries worldwide in any category, and their number continues to increase. RTIs caused 1.1 million deaths and 70 million DALYs in 2012, accounting for 3 percent of total deaths and DALYs in LMICs. RTIs rank among the top 10 causes of death globally, and LMICs constitute a higher proportion of deaths. Most deaths occur among vulnerable road users, such as pedestrians, motorcyclists, and cyclists. Poor design, traffic congestion, and lack of road maintenance and safety systems in many LMICs make prevention more challenging (Peden and others 2004) .
The United Nations Road Safety Collaboration has highlighted the unequal effect of RTIs by socioeconomic status, age, and gender. In general, adolescent and younger working-age adult males are most affected by RTIs, and the increase in deaths between 2000 and 2012 has been largest in this group (table 2.1). Yet many countries do not regularly collect data on RTIs, thereby limiting awareness of the problem and potential interventions, such as speed limits, seat belt enforcement, and impaired-driving laws (WHO 2013) .
The number of RTI-related deaths and DALYs in LMICs increased by 36 percent and 23 percent, respectively, between 2000 and 2012 (table 2.1). This increasing burden of RTIs is independent of demographic changes and is related to increasing age-specific mortality rates: the age-standardized mortality rate from RTIs increased 17 percent from 18 per 100,000 persons to 21 per 100,000 persons in LMICs (table 2. 2). Notably, no apparent age-specific peak occurred in female deaths from RTIs. Finally, although RTIs frequently lead to premature mortality, nonfatal outcomes contribute a substantial proportion of total DALYs (Peden and others 2004) . The majority of RTI-related DALYs occurs among males ages 15-49.
Other Unintentional Injuries
Although RTIs are the single leading cause of death by injury, nontransport unintentional injuries collectivelyincluding poisonings, falls, burns, and drownings-account for twice the number of deaths and DALYs as do RTIs (tables 2.2 and 2.3). The proportion of deaths and DALYs as a result of unintentional injuries is higher in LMICs than in high-income countries. Nontransport unintentional injuries account for more than 6,700 deaths per day and 2.4 million deaths annually-almost twice the number of deaths from transport injuries and twice the number of deaths from intentional injuries. Nontransport unintentional injuries also account for over 128 million DALYs annually-almost twice the number from transport injuries and from intentional injuries. Trends across individual causes vary: deaths from falls and burns are increasing, while deaths from poisonings and drownings are decreasing (table 2. 2). At the same time, age-standardized mortality rates for nontransport unintentional injuries are all declining substantially with the exception of falls.
Poisonings
The burden of unintentional poisoning is declining, with age-standardized mortality rates declining 40 percent from 2000 to 2012. In 2012, LMICs experienced an estimated 163,000 deaths and 9.3 million DALYs. Most poisoning cases continue to occur among children who have unintentionally gained access to toxic chemicals (Balan and Lingam 2012) .
Falls
After RTIs, falls are the most frequent cause of death and DALYs owing to unintentional injury, resulting in 577,000 deaths and 33.5 million DALYs in LMICs in 2012. Age-standardized mortality rates from falls have stagnated since 2000 in contrast to other unintentional injuries. A high incidence of falls has been observed in South-East Asia. Most falls occur among the elderly, even in LMICs (Kalula and others 2011; Ranaweera and others 2013) . The burden of falls is also being driven by population aging and is exacerbated by lack of treatment for cognitive problems and by unsafe living environments (Lau and others 2001) . Work-related falls and other injuries are also a major problem in LMICs. (Rahman and others 2012) .
Other Causes
Exposures to forces of nature and other unintentional injuries (not elsewhere classified) account for a substantial additional fraction of total deaths and DALYs. Because interventions for these conditions are not specifically addressed in Disease Control Priorities (third edition), they are not discussed further here.
INTERPERSONAL AND COLLECTIVE VIOLENCE
In 2012, LMICs experienced 461,000 deaths and 29 million DALYs related to interpersonal violence. Although deaths from interpersonal violence, which is the major cause of intentional injury covered in chapter 5 of this volume (Mercy and others 2017) , are increasing worldwide, the rate of increase was 9 percent in LMICs from 2000 to 2012, which was faster than the global average ( Existing estimates of occupational risks in LMICs suggest that they are generally increasing in parallel with global trends (table 2.4). From 1990 to 2013, attributable deaths and DALYs from occupational risks increased by 27 percent. They constituted 2.4 percent of total attributable deaths and 5.7 percent of total attributable DALYs in LMICs in 2013. The single-largest causes of attributable deaths were occupational particulate matter, gases, and fumes (196,000), occupational carcinogens (189,000), and occupational injuries (135,000). Health loss from carcinogens in particular increased dramatically from 1990 to 2013. However, agestandardized mortality rates from occupational risks decreased for all causes except occupational carcinogens, which increased 33 percent. This suggests that most of the increase in the number of attributable deaths is due to demographic changes, but that a real increase in exposure to carcinogens occurs independent of demographic patterns. Although occupational ergonomic factors and occupational noise were not attributable to any deaths, they were substantial contributors to DALYs and appear to be a growing problem.
In congruence with these estimates, the handful of empirical studies on occupational health hazards in LMICs that appear annually suggest an acceleration in risks as more dangerous trades move in the global marketplace to regions of lower training and regulation. In particular, the emerging global supply chain in electronics, toys, and textiles is replete with chemical and physical hazards, including heavy metals, solvents, plastics, noise, and heat (see chapter 6 in this volume, Abdalla and others 2017). Further, a major factor driving occupational injury trends in LMICs is the export of hazardous industries to these countries because of lower wages. Workers in these hazardous positions number 1.52 billion-an increase of 23 million since 2009 (ILO 2012).
The gender and age distributions of occupational injuries are noteworthy. Women are at higher risk for injuries and experience more severe injuries than men in many high-income workplaces, after accounting for job tasks. Women also appear to be more severely affected by occupational risks in the Middle East and North Africa, although the data are less satisfactory (Abdalla and others 2017). However, many occupational injuries appear to implicate high-hazard sectors that tend to employ males, such as construction, fishing, and mining. These industries often lack safety equipment, training, and regulations. Decreasing gender gaps in many professions are leading to more women being injured in the workplace (Kelsh and Sahl 1996; Nordander 2008; Turgoose, Carter, and Stride 2006) . Children are also at much greater risk in many LMICs: between 3 and 75 percent of children ages 7-14 years are informally employed, depending on the country and occupation (World Bank 2014). Child workers are at especially high risk because of growing bodies that are more susceptible to toxic and carcinogenic substances. Most child workers are employed in agriculture, where they are exposed to strenuous labor and pesticides (ILO 2011) .
Finally, the number of people working in the informal sector worldwide is increasing, and such work is fraught with poor regulations, inadequate standards, and insufficient availability of protective equipment (Charmes 2012; ILO 2002) . Although research on the informal sector is challenging, it clearly shows that informal workers frequently live in poverty, routinely face adverse working conditions (Muntaner and others 2010) , and generally have limited access to health care (Noe and others 2004) . Strategies for prevention and control of disease are generally very limited for this population of globally staggering proportion. Occupational health and safety are generally viewed as an area within the broad province of primary health care, rather than the focus of specialized, separate strategies, as in high-income countries. Expanded training of the health care workforce in this domain is essential. Source: IHME 2015.
Note: ASMR = age-standardized mortality rate; DALYs = disability-adjusted life years; LMICs = low-and middle-income countries; -= not available. Each of the six major occupational hazards is listed as a subcategory of "occupational risks," which are a subset of "total environmental and occupational risks," which are a subset of "total" attributable deaths and DALYs. Data from the Global Burden of Disease Study 2013 (IHME 2015) were used because similar data were unavailable from the World Health Organization's Global Health Estimates database. Percentages may vary slightly because of rounding.
WATER, SANITATION, AND HYGIENE-RELATED ILLNESSES
Health loss owing to unsafe water, poor sanitation, and poor handwashing practices is an important indicator of overall population health and poverty in LMICs. The Millennium Development Goal target for improved drinking water was met in 2010. However, many LMICs still lack WASH intervention coverage because countries have set different standards for improved water supply and sanitation (Roaf and Khalfan 2005) . Disparities within countries persist, particularly in rural areas.
In rural Sub-Saharan Africa, for example, many individuals must walk long distances to collect adequate drinking water, while piped water is readily available in urban areas.
Although the rate of open defecation has decreased globally, it is still common practice in many rural areas. Poor hygiene practices, such as infrequent use of soap for handwashing, exacerbate the spread of pathogens (Strickland 2000) . Helminths are commonly transmitted through feces and drinking water sources and are particularly problematic for agricultural workers and children in rural areas (Lozano and Naghavi 2010) . As a consequence, diarrheal illnesses are responsible for approximately 43 percent of under-five mortality in South and SouthEast Asia and Sub-Saharan Africa (Humphrey 2009; Petri and Miller 2008) . Nonfatal enteric infections can have long-term health consequences as well: pathogenic bacteria can cause inflammation in children's intestines, reducing proper absorption of nutrition. This process generates a cycle of malnutrition and enteropathy, which then contributes further to under-five mortality and to chronic nutritional deficiency that can extend into adulthood (Black and others 2008; Black and Victora 2013) .
The social and psychological disadvantages of having poor access to WASH services are also noteworthy. Significant stress can be traced to lack of improved water sources and sanitation among the poor (Hutton and others 2014) . Women generally bear the burden of collecting water. Children who have difficulty accessing water or practice open defecation can readily spread waterborne diseases to others. Infected children are less likely to attend school. Further, low WASH intervention coverage has a large environmental effect: elimination in bodies of water negatively affects ecosystems and disrupts natural resources (Corcoran and Nellemann 2011; Rabalais and Turner 2013) . Table 2 .5 provides estimates of morbidity and mortality attributable to lack of WASH services. These estimates represent a lower bound, because many other health effects that are not easily measured but are nonetheless linked to WASH likely exist. The estimates demonstrate the effect of having met the Millennium IHME 2015) . Table 2 .5 shows recent estimates that about 2.5 million deaths in LMICs in 2013 were attributable to airborne pollutants in public settings. In the disease burden estimates, air pollution contributes a significant proportion of deaths as a result of respiratory infections; chronic obstructive pulmonary disease; cerebrovascular disease; ischemic heart disease; and cancers of the trachea, bronchus, and lung. The forms of air pollution that have been evaluated are (1) ambient particulate matter air pollution (approximately 2.6 million attributable deaths in LMICs) in the form of particle and ozone pollution and (2) household air pollution from solid fuels (approximately 2.9 million deaths in LMICs), although other categories have not yet been assessed globally. (Because of a degree of overlap, totals are less than the sum of individual components.)
Overall, 90 percent of air pollution deaths are in LMICs. However, because household solid cookfuel use is essentially confined entirely to LMICs, essentially all effects occur in these settings. Ambient particulate matter air pollution occurs in both rural and urban areas and is related to a variety of emission sources, including motorized transport, power plants, industry, road and construction dust, brick kilns, garbage burning, and the like. Household air pollution occurs primarily in less urbanized areas and is related to the use of solid fuels for cooking and heat in homes. It is also a major source of ambient pollution, causing at least one-fourth of ambient pollution exposures in India and China, for example. Thus, perhaps 15 percent of the burden accounted to ambient pollution actually began in households in LMICs.
Ambient particulate matter air pollution accounts for a relatively larger proportion of cardiovascular and cerebrovascular diseases. Household air pollution accounts for a relatively larger proportion of chronic and acute respiratory disease, the latter affecting children.
Of all LMICs, India experiences the most significant effect from air pollution because of population size, weak regulation, and rapid industrialization; two-thirds of the population still uses solid fuels (Smith 2015) . At the same time, the major source of air pollution in less urbanized areas is household air pollution, which results from the use of solid fuels for cooking and heat in homes (Smith 2015) . In contrast to outdoor air pollution, morbidity from household air pollution appears to be decreasing in LMICs, as is suggested by a 20 percent reduction in DALYs from 1990 to 2013. However, most of this reduction is due to the decline in background child pneumonia rates related to improvements in health care and nutrition.
Surveillance of air pollution is challenging for several reasons. Measurement devices are typically located in urban areas, so less is known about air pollution in rural areas. Satellite observations combined with modeling, however, are becoming a major source of information on ambient air quality in rural and other unmonitored areas (Brauer and others 2016) . Linking production, exposure, and health effects is problematic, because dispersion of particulate matter can be widespread. Health effects per unit of pollution emitted are thought to be greatest among people living close to household sources and roads (Smith 2015) .
Integrated exposure-response relationships are now used to determine health burdens and suggest policies. These relationships link results from epidemiological studies across a wide range of exposures to combustion particles-from ambient air pollution, secondhand tobacco smoke, household air pollution, and active smoking (Burnett and others 2014) . These are linked, in turn, to global models of population exposure based on a wide range of data sources. The analyses suggest that outdoor air pollution accounts for a relatively larger proportion of cardiovascular disease and cancer, while household air pollution accounts for acute (children only) and chronic respiratory disease (IHME 2015).
CONCLUSIONS
Recent decades have seen dramatic shifts in the patterns of health loss from injuries and occupational and environmental hazards in LMICs:
• The burden of RTIs and falls, in particular, is increasing substantially, resulting in a net increase in the overall burden of injuries despite a decline in the burden of drownings and poisonings.
• In keeping with trends in economic development in LMICs, health loss from occupational hazards is increasing. The rapid growth in the effect of occupational carcinogens in these settings is of particular concern.
• As a group, environmental risks are declining, in particular, risks related to unsafe water and poor sanitation.
• Household air pollution also appears to be declining, but it is being replaced by ambient particulate matter air pollution from vehicles and industrial sources, particularly in urban areas in populous countries such as India and China.
Designing interventions and policies to address injuries and occupational and environmental hazards requires up-to-date information on the relative magnitude of these conditions and their trends over time. Surveillance for many of these conditions is politically and technically challenging, so the estimates presented in this chapter likely reflect a lower bound on their total burden in LMICs. The need to set priorities around each of these conditions should be explicitly linked to efforts to improve information systems, both within the health sector and elsewhere, for example, in the labor and environment sectors.
The conditions presented in this volume are important contributors to the overall burden of disease in LMICs. Injuries are responsible for about 9 percent of deaths and 7 percent of DALYs, whereas occupational and environmental risks are responsible for about 29 percent of attributable deaths and 31 percent of attributable DALYs. With some notable exceptions, their importance continues to increase in parallel with economic development, urbanization, and the epidemiological transition. Hence, policies that focus on these conditions must also account for and attempt to address the complex social, demographic, and economic factors that are driving health trends. 
